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Available online 7 November 2014AbstractObjective: The aim of this study was to review the chest CT findings at presentation and on follow-up in pregnant women with confirmed S-OIV.
Materials and methods: We reviewed theCTfindings at presentation (n¼ 16) and after hospital admission (n¼ 10) of 18 pregnantwomen diagnosed
with Influenza A (H1N1) in our hospital between Nov 5, 2009 to Dec 12, 2009. CTmanifestations were reviewed independently by 3 observers who
reached a consensus decision. Chest CT findings were analyzed with regard to the patterns and distributions of pulmonary abnormalities.
Results: The predominant CT findings at presentation consisted of unilateral (n ¼ 6) or bilateral (n ¼ 10) ground-glass opacities or focal
unilateral (n ¼ 3) or bilateral (n ¼ 9) areas of consolidation. 4 of the 16 patients had associated mild thickening of the interlobular septa. The
predominant follow-up abnormalities consisted of unilateral (n ¼ 3) or bilateral (n ¼ 7) ground-glass opacities or unilateral (n ¼ 1) or bilateral
(n ¼ 1) consolidation. 8 of the 10 patients had interstitial opacity findings, including smooth thickening of the interlobular septa (n ¼ 5),
reticulation (n ¼ 2) and honeycombing (n ¼ 1). 3 patients had irregular lines (n ¼ 3) and traction bronchiectasis (n ¼ 1).
Conclusion: The most common CT manifestations of pregnant women with confirmed S-OIVare unilateral or bilateral ground-glass opacities or
focal unilateral or bilateral areas of consolidation. In pregnant women, the abnormalities seem to more extensive than general patients. Some
pregnant women patients may develop interstitial opacity and traction bronchiectasis due to fibrosis.
© 2014 Beijing You’an Hospital affiliated to Capital Medical University. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Swine influenza is a highly contagious acute respiratory
disease of pigs caused by a subtype of influenza A virus [1].
Patients with swine-origin influenza A virus (S-OIV) infection
typically present with fever, cough, sore throat, chills, head-
ache, rhinorrhea, shortness of breath, myalgias, arthralgias,
fatigue, vomiting, or diarrhea [2]. Most patients have mild* Corresponding author. Tel.: þ86 988951142; fax: þ86 988951414.
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).illness, but a small percentage of patients have a severe course
that may result in respiratory failure and death [2,3]. Before
the present outbreak, a 32-year-old previously healthy preg-
nant woman at 36 weeks' gestation was infected with a swine
influenza virus, contracted through exposure to pigs, and later
died of complications related to primary viral pneumonia in
1988 [4]. Pregnant women have been at increased risk and for
complications related to influenza infection compared with
nonpregnant women [5]. The description of the radiologic
manifestations of pregnant women with S-OIV has been
limited to a few studies [5e7]. The purpose of this study was
to review the chest CT findings at presentation and on follow-
up in pregnant women with confirmed S-OIV.. Production and hosting by Elsevier B.V. This is an open access article under
24 W. Qi et al. / Radiology of Infectious Diseases 1 (2014) 23e272. Materials and methods2.1. SubjectsApproval for this study was obtained from the institu-
tional clinical research ethics board. Informed consent
was waived because of retrospective study. We retrospec-
tively reviewed the CT images of pregnant women with
laboratory-confirmed pandemic H1N1 virus infection by
real-time reverse-transcriptase PCR in our hospital between
Nov 5, 2009 and Dec 12, 2009. A total of 18 patients and
two of who were postpartum were identified; 16 of the
18 patients (88.9%) who underwent chest CT imaging
within 48 h after being admitted to the hospital formed the
study population. 10 of the 16 patients (62.5%) underwent
follow-up CT within 6 months after discharge
(160.7 days ± 29.6).
The study population consisted of 16 women with a mean
age of 27 years (range, 22e41 years). 2 were infected in first
trimester, 6 were infected in second trimester while the other
8 in third trimester. The time of the average pregnancy is 32
weeks. None of them reported close contact with a patient
with influenza in the past 7 days. 16 (100%) women with
pandemic H1N1 virus infection presented with a febrile
illness other than fever, and the most common symptoms
were cough (n ¼ 12), expectoration (n ¼ 6), and shortness of
breath (n ¼ 9). 6 patients developed subsequent acute res-
piratory distress syndrome requiring mechanical ventilation
as a result of primary viral pneumonia, and in this group,
there were 2 deaths. 9 of 16 patients with pregnanciesFig. 1. 40-year-old pregnant women in third trimester. A. CT scan obtained withi
associated with smooth interlobular and intralobular septal thickening in both up
admission shows ground-glass opacification is resolved but smaller area of reticula
lower lobe bronchi shows extensive bilateral ground-glass opacities with interstitial
same level as C 6 months after hospital admission shows Small parenchymal scarunderwent caesarean delivery. 3 patients suffered from fetal
death (see Fig. 1).2.2. Imaging techniquesChest CT examinations at our institution were performed
on 64-MDCT (SENSATION 64, SIMENS) using 1.25 mm
collimation reconstructed at 0.625 mm intervals. The images
were reviewed on a PACS viewer with a 2560  2048 pixel
monitor (Barco MGD521 MK II). All CT scans were reviewed
at a window width and level of 1600 HU and 600 HU
respectively for lung parenchyma, and 300 HU and 45 HU
respectively for soft tissue and mediastinum (see Fig. 2).2.3. Image analysis3 experienced radiologists assessed the CT scans indepen-
dently and reached a decision on the final agreement by
consensus. The CT scans were assessed for the presence of
ground-glass opacities, consolidation, interstitial opacity
(including interlobular septal thickening, reticulation and
honeycombing), the evidence of lung fibrosis such as thick
parenchymal bands, architectural distortion, traction bronchi-
ectasis. The involvement of abnormalities was stratified into
unilateral or bilateral. The distribution of abnormalities was
categorized as focal, patchy, and diffuse. Zonal predominance
was also categorized as being in the upper, middle, or lower
lung zones, in random, central, or peripheral location. The
presence of hilar, mediastinal, or pleural abnormalities was
also assessed (see Fig. 3).n 12 h of hospital admission shows extensive bilateral ground-glass opacities
per lobes, B. CT scan obtained at same level as A 6 months after hospital
r pattern is present at both upper lobe, C. CT scan obtained at level of middle
thickening (“crazy paving”) in both middle lower lobes, D. CT scan obtained at
is present at previous area of consolidation.
Fig. 2. 24-year-old pregnant women in second trimester. A. CT scan obtained within 12 h of hospital admission shows extensive bilateral mixed ground glass
opacification and consolidation. Air bronchogram is present in the center of the consolidation, B. CT scan obtained at same level as A 6 months after hospital
admission shows completely resolution of consolidation and ground-glass opacities, C. CT scan obtained at level of middle lower lobe bronchi shows extensive
bilateral ground-glass opacities and consolidation in both middle lower lobes, D. CT scan obtained at same level as c 6 months after hospital admission shows
patchy left lower lobe ground-glass opacities.
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16 patients underwent CT within 48 h after hospital
admission. All CT manifestations were abnormal. Findings at
the initial examination in these 16 patients and at follow-upFig. 3. 23-year-old pregnant women in third trimester. A. CT scan obtained with
consolidation and mild thickening of interlobular septa in both upper lobes, B. C
evidence of fibrosis, such as parenchymal bands, irregular interface, and traction br
hospital admission shows extensive bilateral ground-glass opacities with superimp
same level as c 6 months after hospital admission shows marked decrease in ext
thickening are still present.thin-section CT in 10 patients are listed in Table 1. The pre-
dominant CT findings at presentation consisted of unilateral
(n ¼ 6) or bilateral (n ¼ 10) ground-glass opacities or focal
unilateral (n ¼ 3) or bilateral (n ¼ 9) areas of consolidation. 1
of the 16 patients presented interlobular septa thickening. Thein 48 h of hospital admission shows diffuse bilateral ground-glass opacities,
T scan obtained at same level as A 6 months after hospital admission shows
onchiectasis, C. CT scan obtained at level of lower lobe bronchi within 48 h of
osed fine reticular pattern in both middle lower lobes, D. CT scan obtained at
ent of ground-glass opacity and reticulation. Small patches of residual septal
26 W. Qi et al. / Radiology of Infectious Diseases 1 (2014) 23e27abnormalities predominately involved the upper lung zones in
2 patients, the middle lung zones in 5 patients, and the lower
lung zones in 9 patients. A predominantly subpleural distri-
bution was observed in 2 patients, a patchy random distribu-
tion in 3, and diffuse abnormalities in 9 patient. None of the 16
patients performed with hilar or mediastinal lymphadenopa-
thy, or pleural effusion on CT.
Follow-up CT scans were available in 10 patients and were
obtained in 89e172 days (median, 142 days) after hospital
admission. All follow-up CT manifestations were abnormal.
The predominant abnormalities consisted of unilateral (n ¼ 3)
or bilateral (n ¼ 7) ground-glass opacities or unilateral (n ¼ 1)
or bilateral (n ¼ 1) consolidation. 8 of the 10 patients had
interstitial opacity findings, including thickening of the inter-
lobular septa (n ¼ 5), reticulation (n ¼ 2) and honeycombing
(n ¼ 1). 3 patients had irregular lines (n ¼ 3) and traction
bronchiectasis(n ¼ 1). The abnormalities were bilateral in 7 of
the 10 patients, had a predominately subpleural distribution in
2 patients, had a random distribution in 2 patients, had peri-
bronchial distribution in 1 patient, and were diffuse distribu-
tion in 2 patients. Small pleural effusions could be observed on
follow-up CT (n ¼ 1). None of the patients performed with
hilar or mediastinal lymphadenopathy or pneumothorax or
pneumomediastinum on follow-up CT.
The second CT examination in 10 patients showed a
decreased frequency of consolidation. 8 of the 10 patients who
underwent both CT examinations revealed consolidation at the
first examination while was not seen at the second CT exam-
ination. However, follow-up CT of patients showed an
increased frequency of reticulation (n ¼ 8), ground glass
opacity (n ¼ 9), and fibrosis (n ¼ 3).
4. Discussion
On the basis of CDC investigation, pregnant women seem
to be at increased risk for complications from pandemic
H1N1 virus infection, with a higher estimated rate of hos-
pital admission and a high proportion (>10%) of influenza-
related deaths than in the general population [5]. The main
CT findings at presentation in our study consist of unilateral
and bilateral areas of consolidation and ground-glass opaci-
ties, and were similar to findings of serve pandemic H1N1
virus infection described by several groups of investigators
[8e10]. A. M. Ajlan et al. [8] reported the most common
radiographic and CT findings in seven patients with S-OIV
infection are unilateral or bilateral ground-glass opacitiesTable 1
Comparison of CT Findings at Two Serial Examinations in pregnant women
with pandemic H1N1 virus infection.
First examination
(n ¼ 16)
Second examination
(n ¼ 10)
Finding
Consolidation 12 2
Ground-glass opacity 16 9
Interstitial opacity 1 8
Fibrosis 0 3with or without associated focal or multifocal areas of
consolidation. On MDCT, the ground-glass opacities and
areas of consolidation had a predominant peribroncho
vascular and subpleural distribution, resembling organizing
pneumonia. Prachi P. Agarwal [9] reported chest radiographs
progress to bilateral extensive air-space disease in severely
ill patients. Galit Aviram [10] reported extensive involve-
ment of both lungs, evidenced by the presence of multizonal
and bilateral peripheral opacities, which was associated with
adverse prognosis. Recent reports [6] have described the
radiographic appearance of pregnant women: bilateral
diffuse patchy opacities with consolidation of bilateral lower
lung fields, bibasilar opacities, right greater than left, mild
hazy opacity at left costophrenic angle, patchy bibasilar and
right middle lobe opacities, patchy bibasilar air space
opacities, bilateral patchy opacities, consolidation of right
lung base, none. The radiographic findings of pregnant
women seem to have a more severe and rapid progression
than the general patients.
Less CT findings of consolidation was found at follow-up
period. The findings of our study confirmed a progressive
resolution of consolidation at follow-up period. However,
ground-glass opacity was still a predominant abnormal at
follow-up period. Ground-glass opacification is a nonspecific
CT sign and may represent interstitial edema, inflammation, or
fibrosis, depending on the stage of the disease process [11].
The ground-glass opacification in our study was similar to that
seen in findings of pulmonary edema, suggesting a component
of interstitial edema. 3 patients developed irregular lines and
traction bronchiectasis. These findings suggested fibrosis [12].
The findings of probable pulmonary fibrosis are similar to
other studies of the thin-section CT findings in SARS patients
[13]. Lixin Xie et al. [14] reported DLCO and HRCT findings
could suggest that lung fibrotic changes caused by SARS
occurred mostly in severely sick patients in the rehabilitating
phase. Our study was consistent with it, and provided some
information for understanding the continuous change of lung
parenchyma in H1N1 infection.
Our radiologic findings may reflect the underlying patho-
logic changes during H1N1 infection. Results from histo-
pathologic studies [15] have revealed that severe influenza was
characterized by necrotizing bronchitis, capillary and small-
vessel thromboses, interstitial edema and inflammatory in-
filtrates, the formation of hyaline membranes, hemorrhage,
and edema in alveoli, as well as diffuse alveolar damage.
These findings may be consistent with the rapidly progressing
bilateral ground-glass opacities or consolidations observed in
some H1N1 patients.
Pregnant women may suffer from worse outcomes than
non-pregnant women. The increased minute ventilation,
reduced tidal volumes, and decreased functional residual ca-
pacity of normal pregnancy physiology leave less reserve ca-
pacity for significant stress on pulmonary function [16].
Significant volume overload contributed to worsening respi-
ratory status [16]. The decreased colloidal entotic pressure in
the third trimester predisposes pregnant women to develop
pulmonary edema and increased risk for severe respiratory
27W. Qi et al. / Radiology of Infectious Diseases 1 (2014) 23e27complications. This is consistent with our findings of the
worse CT changes and clinical conditions of patients in the
third trimester.
There are some limitations in this study. Firstly, there were
only a small group of patients in this study. Secondly, the
radiologic findings of pneumonic resolution might lag behind
the clinical status. Thirdly, none of those patients underwent
lung biopsy or autopsy. All of these should be improved in
further study.
5. Conclusions
We conclude that the most common CT manifestations of
pregnant women with confirmed S-OIV are unilateral or
bilateral ground-glass opacities or focal unilateral or bilateral
areas of consolidation. In pregnant women, the abnormalities
seem to more extensive than general patients. Some pregnant
women patients may develop interstitial opacity and traction
bronchiectasis due to fibrosis.
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